testinal disease, and immune responses (Hooper, 2004) . The colonic luminal contents of pigs harbor such bacteria at a level between 10 10 and 10 11 culturable bacteria per gram (Allison et al., 1979) . The major culturable bacteria in the pig intestine are Escherichia coli, Enterobacteriaceae, Eubacterium, clostridia, enterococci, lactobacilli, and streptococci (Leser et al., 2002; Pryde et al., 1999) . Many factors affect the bacterial community in the pig intestine, such as diet (Canibe and Jensen, 2003; Durmic et al., 1998) , infection with pathogens (Leser et al., 2000) , and antibiotic administration (Collier et al., 2003) . Weaning significantly affects the intestinal bacterial community in piglets as well (Inoue et al., 2005) . Oral administration of lactic acid bacteria affects the indigenous lactobacillal community in the intestine of adult pigs (Ohashi et al., 2001 (Ohashi et al., , 2007 , and the stimulation of indigenous lactobacilli promotes a shift from low to higher diversity in the composition of the lactobacillal population in the intestine. This modification of the indigenous lactobacillal population intensifies the effect of the probiotic strain and may be a part of the probiotic effects.
Little is known, however, about the effect of probiotic lactobacilli on the indigenous lactobacillal population of weaning piglets, to which effective alternatives for antimicrobials are required.
In the present study, the effect of Lactobacillus plantarum strain Lq80 on indigenous lactobacilli in weaning piglets is investigated using RAPD-PCR and 16S rDNA partial sequencing.
Materials and Methods
Bacterial strain. Lactobacillus plantarum strain Lq80 was administered in this experiment. It was obtained from the National Institute of Livestock and Grassland Science.
Animals. Six 21-day-old crossbred piglets (LandraceϫLarge whiteϫDuroc) weighing 6.1Ϯ1.4 kg were introduced from a commercial pig farm located in Kyoto Prefecture. These piglets were weaned at the age of 21 days. The six piglets were divided into two groups (strain Lq80 administration group, nϭ3; control group, nϭ3) with equal mean body weight, and each group of piglets was housed in a pen in a light-controlled room (09:00-21:00 light, 21:00-09:00 dark). The floor was covered with saw dust. The piglets were fed a formula feed for piglets without antimicrobials or intestinal modifiers (SDS No. 1, Nippon Formula Feed, Kanagawa, Japan) at 9:00. Free access to feed and water was available to them. After 2 days of adaptation, capsules soluble in the small intestine (Sunsho Pharmaceutical, Shizuoka, Japan) filled with L. plantarum strain Lq80 (10 10 cells) were administered orally to three piglets for 14 days. The control group was administered void capsules orally. Rectal feces were collected at the end of the adaptation period (pre-administration: day 0) and 4 (day 4) and 7 (day 7) days after administration began. At the end of the experimental period (day 14), the piglets were sacrificed under general anesthesia with sodium pentobarbital (Kyoritsu Seiyaku, Tokyo, Japan) to remove the large intestine. The contents of the large intestine were collected. This experiment was approved by the Animal Experiment Committee of Kyoto Prefectural University in accordance with the Guidelines Concerning the Care and Use of Laboratory Animals.
Isolation of lactobacilli. Samples of feces and cecal and rectal contents were subjected to serial 10-fold dilutions with sterilized phosphate-buffered saline (PBS) and inoculated into modified LBS agar plates (Lactobacillus-selective medium (Becton Dickinson and Company, Cockeysville, MD, USA) 84 g/L; Lablemco powder (Oxoid, UK) 8 g/L; Sodium acetate · 3H 2 O 15 g/L and Acetic acid 3.7 ml/L). The plates were incubated under anaerobic conditions in AnaeroPack (Mitsubishi Gas Chemical Company, Inc., Tokyo, Japan) for 48 h at 37°C. The number of lactobacilli developed per gram of feces (pre-administration, day 4, and day 7) or rectal contents were determined. Developed colonies were randomly isolated and transferred to MRS plates (Difco Laboratories, USA) and maintained until required.
Randomly amplified polymorphic DNA (RAPD)-PCR. DNA from bacterial cells was extracted using InstaGene TM Matrix (Bio-Rad, Tokyo, Japan) according to the manufacturer's instructions with slight modifications because 96-well plates (WATSON, Hyogo, Japan) were used for this study. Randomly amplified polymorphic DNA (RAPD)-polymerase chain reaction (PCR) analysis was performed using a modification of a previously described method (Plessis and Dicks, 1995) and in a reaction volume of 25 ml consisting of 50 ng extracted DNA, 50 mM KCl, 10 mM Tris-HCl (pH 8.0), 1.5 mM MgCl 2 , 2 mM each dNTP, 25 pmol of an RAPD1 (5Ј-GGCATGACCT-3Ј) random primer (Plessis and Dicks, 1995) , and 1 U of r-Taq DNA Polymerase (TOYOBO, Osaka, Japan). DNA amplification was performed in an iCycler (Bio-Rad) with the following thermal program: 94°C for 3 min, followed by 45 cycles consisting of 94°C for 30 s, 34°C for 60 s, and 72°C for 90 s and a final extension period at 72°C for 8 min. The amplified products were analyzed by electrophoresis in 2% agarose gel and with ethidium bromide staining. They were then grouped into several different electrophoresis patterns. Amplification of 16S rDNA and sequencing. Two strains were randomly selected from each of the electrophoresis pattern groups and subjected to the amplification of 16S rDNA. PCR was performed in a reaction volume of 50 ml consisting of 50 ng extracted DNA, 50 mM KCl, 10 mM Tris-HCl (pH 8.0), 1.5 mM MgCl 2 , 2 mM each dNTP, 25 pmol of each primer (27f, 5Ј-AGAGTTTGATCCTGGCTCAGGA-3Ј; 518r, 5Ј-GTAT-TACCGCGGCTGCTGG-3Ј), and 1 U of r-Taq DNA polymerase. DNA amplification was performed in an iCycler using the following thermal program: 94°C for 3 min, followed by 30 cycles consisting of 94°C for 30 s, 58°C for 30 s, and 72°C for 30 s and a final extension period at 72°C for 8 min. PCR products were purified and concentrated using the Wizard ® SV Gel and PCR Clean-up System (Promega, Tokyo, Japan). The purified PCR products were sequenced at Shimadzu Genomic Research Laboratory (Shimadzu, Kyoto, Japan). L. plantarum strain Lq80 was also targeted to the sequence analysis. 16S rDNA sequencing analysis. The obtained sequences of the 16S rDNA were compared to those recorded in databases (EMBL/GenBank/DDBJ). Nucleotide substitution rates (K nuc ) (Kimura, 1980) were calculated, and phylogenetic trees were constructed by the neighbor-joining method (Saitou and Nei, 1987) . The topology of the tree was evaluated by bootstrap analysis of the sequence date using the CLUSTAL W program (Thompson et al., 1994) . The 16S rDNA sequences of isolates subjected to phylogenetic analysis have been deposited in the EMBL/GenBank/DDBJ data library under accession nos. AB300513 to AB300550. The reference strains used in phylogenetic analysis were also from the EMBL/GenBank/DDBJ database.
Statistical analysis. The results were expressed as the means with standard deviations. Statistical analy- Lactobacilli in the rectal feces at pre-administration and days 0, 4, and 7 and in the intestinal contents at day 14 postadministration were counted. For details, see the text. The values are the means of the results from 3 piglets with standard deviation indicated by vertical bars. Asterisk indicates significant difference (pϽ0.05) between administered and non-administered groups at day 7; otherwise there was no significant difference between the groups. Day to day variation within the non-administered group (solid bars) was not statistically significant ( pϾ0.05) while it was statistically significant ( pϽ0.05) within the administered group (open bars). Open bars followed with different superscripts differ significantly ( pϽ0.05). ses were performed using Statcel (Yanai, 1998) , which is an add-on application of Microsoft Excel 2003 (Microsoft, Seattle, WA, U.S.A). The Bonferroni/Dunn multiple comparisons were used to analyze the difference among days 0, 4, and 7 and in the intestinal contents at day 14. The Student's t test was used to analyze the difference among the groups. Differences resulting in p values less than 0.05 were considered significant.
Chemicals. Chemicals were obtained from Wako Pure Chemicals (Osaka, Japan) and Nacalai Tesque (Kyoto, Japan) unless otherwise stated.
Results

Number of lactobacilli in feces and intestinal contents
The number of lactobacilli in feces and intestinal contents is shown in Fig. 1 . During the 2-day adaptation period, the numbers (log cfu/g feces) of lactobacilli in feces decreased in both groups, from 9.78 to 8.76 and from 9.14 to 7.96, respectively, for the control group and the administered group. Thereafter, the number of lactobacilli in feces (days 0, 4, and 7) or rectal contents (day 14) increased from day 0 to day 4 (7.96 vs. 10.07, pϽ0.05), to day 7 (7.96 vs. 10.18, pϽ0.05), and to day 14 (7.96 vs. 9.02, pϭ0.07) in the administered group, while it did not change in the control group. The level of culturable lactobacilli was significantly higher on day 7 in the administered group than in the control group (8.93 vs. 10.18, pϭ0.0002) . On day 14, there was no difference between the administered group and the control group regarding rectal and cecal contents.
RAPD-PCR and phylogenetic analysis
RAPD-PCR analysis was performed on 784 strains randomly isolated from feces and intestinal contents. These isolates were classified into 38 groups. L. reuteri, L. crispatus, L. amylovorus, L. johnsonii, L. agilis, L. mucosae, L. vaginalis, and L. plantarum were identified from the 16S rDNA sequence of 76 strains (Fig. 2, Table 1 ).
Modification of the lactobacillal population by administration of L. plantarum strain Lq80
L. reuteri and L. crispatus were always dominant within a lactobacillal population for both groups throughout the experiment. However, the administration of Lq80 affected the lactobacillal population by increasing its diversity (Table 1, Fig. 3) . Indeed, the contribution of L. reuteri and L. crispatus to the total population became smaller (69%) in the administered group than in the control group (94%) on day 7. This tendency was maintained until the end of the experiment. 2007 Oral administration of Lactobacillus plantarum 329 Fig. 2 . Taxonomic composition of lactobacilli isolated from feces or rectal contents. The rate of the lactobacilli strain most closely related to the 16S rDNA partial sequences is represented as a percentage. C, control group; Lq80, administration of L. plantarum strain Lq80 group.
L. plantarum was not detected in any animal before the administration of Lq80, but it was detected in the feces during the administration (Table 1) .
Discussion
Lactic acid bacteria, such as lactobacilli and bifidobacteria, have been used as probiotics for many years (Holzapfel et al., 2001; Roberfroid, 2000) . A probiotic is typically defined as a viable microbial dietary supplement that beneficially affects the host through its effects in the intestinal tract (Fuller, 1989; Harvenaar and Huis in't Veld, 1992) . The preventive effect of the probiotics relative to pathogenic bacteria has been frequently discussed. Few studies are available on its effect on non-pathogenic bacteria, particularly, on the indigenous lactobacillal population (Ohashi et al., 2001 (Ohashi et al., , 2007 . In those studies, L. casei strain Shirota or L. delbrueckii subsp. bulgaricus strain 2038 stimulated the growth of indigenous lactobacilli. In this study, after 330 TAKAHASHI et al. Vol. 53 Fig. 3 . A phylogenetic tree based on the 16S rDNA sequencing of isolates and other reference strains. Approximately 510 bps (E. coli 16S rDNA positions between 27 and 518) from each sequence were used for alignment. The tree was constructed by using the neighbor-joining method and K nuc values. Bootstrap confidence values obtained with 1,000 resamplings are given at branch points (only values greater than 700 are shown). The accession numbers are presented in parentheses. The bar indicates a genetic distance of 0.05.
